The complete amino acid sequence of metallothionein II isolated from kidneys of the striped dolphin, Stenella coeruleoalba, is reported. The sequence was established by a gas phase protein sequencer using the fragments obtained by cyanogen bromide cleavage and protease digestions of the S-carboxamidomethylated protein. The N-terminal was identified as acetylmethionine by XHNMRand MSusing the N-terminal dipeptide obtained by formic acid hydrolysis. The C-terminal amino acid was assigned as alanine using both carboxypeptidase and trypsin digests. After an hour the solution was dialyzed against 0.2m acetate buffer twice, 20mM acetate, and finally water using Spectrapore 6 membrane tubing (M.W. cutoff 2,000, Spectrum Medical Ind., Inc., Los Angeles). The inner solution was freeze-dried to obtain the metalfree protein.
In our previous paper, we described the isolation and characterization of metallothionein (MT) I and II from kidneys of the striped dolphin, Stenella coeruleoalba.^Both isoforms closely resembled horse renal MTs, having molecular weights of about 6,000 (as apo-protein) and containing about 6g atoms of heavy metals (Cd, Zn, Cu and Hg). Twenty out of 61 amino acid residues were cysteine and their sulfhydyl groups were deduced to be essential in binding metals.2) To further the understanding of the coordination structure of
MTand the heavy metal regulation in tissues, the amino acid sequence of MTII was analyzed. In addition, it is of interest to compare MTsequences of marine and terrestrial mammals so far sequenced in view of evolutionary divergence.
EXPERIMENTAL
Dolphin renal metallothionein {MT) II. Dolphin renal metallothionein II was prepared as described in our previous paper.1}
Apo-metallothionein II (Apo-MT II). The purified MT II 837 was dissolved in 0.1m HC1 containing 6m guanidine hydrochloride.
After an hour the solution was dialyzed against 0.2m acetate buffer twice, 20mM acetate, and finally water using Spectrapore 6 membrane tubing (M.W. cutoff 2,000, Spectrum Medical Ind., Inc., Los Angeles). The inner solution was freeze-dried to obtain the metalfree protein.
S-Carboxamidomethyl MTII. Apo-MTII was dissolved in 0.1 m Tris buffer, pH 8.1, containing 6m guanidine HC1 and 2mMEDTA, and kept at 50°C for 30min. A 5-fold excess of dithioerythritol in relation to the SHgroups of the protein was added to this solution and kept at 37°G for 2hr. To this was added an 1.2-fold excess of iodoacetamide in relation to the SH groups present and kept in the dark at room temperature for 2hr. The reaction mixture was dialyzed against lmMHC1 and then water at 4°C using Spectrapore 6 membrane tubing. The inner solution was freeze-dried to obtain S-carboxamidomethylated protein.
N-Terminal identification
{N-acetylmethionyl aspartic acid). Three mg of S-carboxamidomethyl MT II was dissolved in 1 ml of 70% formic acid and kept at 40°C for 96hr. After removal of formic acid in vacuo, the residue was put on HPLC with an ODS column (Fine SIL C18-10, Japan Spectroscopic Co., Ltd.) in a gradient mode with 0. 1 % trifluoroacetic acid (TFA)-based acetonitrile and monitored at 230nm. The first eluted peak Cyanogen bromide cleavage.Z) S-Carboxamidomethyl MTII (800/ig) was dissolved in 1 ml of 70% formic acid, and cyanogen bromide in the same acid was added stepwise. A 50-fold excess of the reagent in relation to Met concentration was added. The reaction proceeded at 25°C in the dark for 24hr under a nitrogen atmosphere. A 30-fold excess of ice-cold water was added to the reaction mixture and dialyzed against water using Spectrapore 6 tubing. The inner solution was chromatographed by HPLC using the ODS column in a gradient mode of acetonitrile in 0. 1%TFA. One major peak other than that of the starting material was monitored at 230nm, which was named CNBr-2.
Staphylococcal protease digestion.^One mg of Scarboxamidomethyl MTII was dissolved in 1 ml of 0.1 m ammoniumbicarbonate buffer, pH 7.9, and staphylococcal protease (V8 enzyme) was added (E/S=l/30) and incubated at 40°C for 2hr. The reaction mixture was chromatographed by HPLCunder the same conditions as for N-terminal identification.
Two major peaks with almost equal intensity (V8-1 and V8-2) were collected.
Aminoacid analysis shown in Table I revealed that the cleavage occurred between Glu-23 and Cys-24. The later eluted peak (V8-1) gave no Edman reaction product when put into a sequencer, indicating that the N-terminal was (about 500/ig) was dissolved in 1 ml of 0.1 m NH4HCO3, pH 8.3. Trypsin (E/S= 1/10) was added to it and incubated at 37°C for 8hr. The reaction mixture was put on an ODS column of HPLC and eluted with a 0.1% TFA-based gradient of acetonitrile.
Six peaks monitored at 220nm
were fractionated. The second eluted peak (Trp 6) was sequenced as Cys-Ser-Cys-Cys-Ala and assigned to the Cterminal.
Sequence analysis. A gas phase protein sequencer (Applied Biosystems 470-A protein sequencer) was used. Samples to be analyzed were dissolved in 25%trimeth-ylamine and absorbed onto a polybrene-treated glass filter. PTH amino acid was identified with a SP-8100
analyzer (Spectra-Physics Co., Ltd.).
RESULTS AND DISCUSSION
The amino acid composition of dolphin renal MT II and its fragments derived by formic acid hydrolysis, 7) cyanogen bromide cleavage,3* staphylococcal protease4) and trypsin6) digestions are summarized in Table I .
Preparation of these peptides was detailed in the Experimental section. Based on the sequence analysis of these peptides, the primary structure of dolphin renal MTII was established as in Fig. 1 . In the sequence study Scarboxamidomethyl MT II was directly introduced into a gas phase sequencer, but no sequencing happened. This suggested that the N-terminal was blocked like other mammalian MTs.8) Treatment of MTII with 70% formic acid followed by HPLC with an ODScolumn gave some fragment peaks, in which the first eluted peak was found to be a dipeptide consisting of Met and Asp (F-l in Table I ). F-l was collected by HPLCand used for MS and 1H-NMR.As a reference, the same dipeptide whose sequence was knownas 7V-acetyl-MetAsp was prepared from horse renal MTII.
Negative FAB-MS of F-l gave the highest mass numberat m/z 305 and the spectrum was clearly identical with that of N-Ac-Met-Asp of equine origin, whose molecular weight is 306. In^-NMR two 3H singlets at 3 2.08 and 2.15 ppm were ascribed to 7V-acetylmethyl and S- The reverse phase HPLCof the digest had two major peaks of almost equal intensity other than unreacted one. The later eluted peak having 23 residues (V8-1) was found to be the N-terminal fragment since it included Met and could not be sequenced. The earlier eluted peak with 38 residues (V8-2) was, therefore, derived from the C-terminal region. Glx was detected in each fragment; that in V8-1 was glutamic acid and positioned 23 rd from the Nterminal. Glx in V8-2 was supposed to be glutamine, since if it were an acidic form, there should be cleavage to give smaller fragments.
The sequence from Cys-24 to Cys-57 was obtained by V8-2. The C-terminal was identified by digestion of S-carboxamidomethyl MTII with a mixture of carboxypeptidase A and B. Periodical sampling of the digest followed by analysis of amino acids released showed that the Cterminal was Ala, and Cys was next to Ala. In addition to these two residues, Ser, Cys, and Lys were released in the digest, which meant the digestion proceeded to Lys-56, 6 residues up to the C-terminal. Aplot of the released amino acids vs. time, however, gave an indistinct result for positions 58 and 59 since the amount of cysteine, 3 residues in the last five amino acids, was unproportionately low compared to those of other amino acids. The carboxypeptidase method was used in the early stage of MT sequencing by Kojima et al.5) in which residues 58 and 59 were assigned as CysSer. Recently the sequence was reassigned as
Ser-Cys on the basis of the MT-CDNA sequence.12) To confirm this point, tryptic digestion6) was done and the digest was separated by HPLC. Six major peaks were fractionated.
Five out of six fractions contained Lys and were assigned the positions shown in Fig. 1 .
The remaining fraction (Trp-6) was found to be the C-terminal fragment since it had no Lys and consisted of (Cys)3 (Ser) (Ala). It was sequenced as Cys-Ser-Cys-Cys-Ala which supported the reassigned MT sequence. From these data the primary structure of dolphin renal MTII was unambiguously established as inFig.
1.
In Fig. 2 The figures show percentage homology in pairs of protein.
They were calculated by the equation, {T-n)/Tx 100(%), where Tand n are the number of total and non-homologous residues, respectively. 
